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Figure 1: Soil strength variation with depth increment (StdError +1)
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Figure 2: Required soil loosened profile energy variation with soil strength increment
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Figure 3: The variation of specific penetration energy of penetrometer
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Figure: 4. Soil loosened profile measurement for 2 tines subsoiler
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Figure 5: Penetration energy

SV ) oS W1 5L ¥ el a s (kgm™)
oSl e g OVF e VY ) (STt g O
Ly e 8l V0 (6)S 3as ;3 5 035 1O
@yJu@.mow&cms’lqba&ﬂ
5(0—2,0 YO Lo, 5 YAUTY s SO/FF )
aS S oyt 0,8 Gl 0 18 Gl Cogh,
sl bog s /Ym S, cs¥Ym Job sl
Sl asle g (b eyler SO il o Sy
S)9—e a3Ld g1y Y Oem (5,15 G—es cnlpls
Ll gl feem LS 5o Jolss oolal
P2 b S s sl ablie as )50 50 9 liteul
Pr 0¥ aie dazgi L 398 sl o gate
Sy 3Fe SIS gl IS e g ogate
ad)S ;5o )LS Bes l yiiey yenile Oem
(Y- cm) o550 SLe el osm fuxe b ol
e 9905 5 S L (Jl oS (55l (e

Lo oS b eSde glas )l (Yxe/Yx+ /Y m) ol

requirement as depth increases

5 655 ggeme 51 (Pr) S Ll U5 (55

n
Pr=> P, ™
i=1

Hlas,le 7k ol ol Blaal

S 05y Caeglie ASI (0g—ei pative —)
Gk able 65,55 2Ll $ln mlie WL

Slp (Erae 50 dile (KigSs s Y
00l Cs S 50

a5 S s LS s Y

0dl Bpae 5, lade jo (g e

gy 9 dlgo— ¥
B o JoyeiSl 2yl O ygo 4 Slinle)]
ot Sl o all LSS o dolas SLals
>k Shp; als o Slee g5y 0515 RS0
pae oy g O )3 (5D 4Ll wad

VO e g Ve AT Y Y ) pl L



djj}fL"UQLﬁg.ﬁﬂaﬂ @@&Qw@ﬁb&u&&cﬁyjjg JJ;M‘;L#ijL;j/'/J/aJ[é&wl

ot a3 T )0 gindgi s S5k 4
Coglio Calpln 0l (6505 ojll a5 )50 Gas U
S=Sojlaal ;b A (Sl ool Gl gwdsds 4
il sles o sl
oolawl S5 (5 5l liglesl el (gl
Js) el oas LSS 5 slocond 5l as o
el g y5igeg 2SII-Y (ol by =Y (oulim ) (P

-0 6yl 0old s -F ([95,500) Co s 00iiS

S e

ool 5o 00 )T el CenB D @y aseie
O3 45 5l 9550 pyx HlA )50 (ogatte 02
93l L g drelna |y woles  oud s eli5)1 U
Comand O an 1) 00l (6,05 o5l Sl 5e8
3 a8 S (0 ) Cannd 2 dl 10 O 0 g ponndd
o gy o=l o ooy 148 59, Fom oS el )|
sl ol (Koo S ogate p) U305 o0
pgmatte pra 0l ol lalend slass 4 ja

Cmoglie Lo )l ,S5 5l plaS™ jo j0.040 dale> 50K

Q[A»::ILVJ./'L;():/dew/)Jy@d’jJ[}'dﬁj/‘;‘/[AJ?;J—ﬂj

Figure 6: Schematic of soil bin and tine used for conducting the experiments
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Figure 7: Soil bulk density and penetration strength relationship (Std Error 1)
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Table 2: Variance analysis results for soil bulk density effect on draft requirement
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Figure 10: Soil loosened profile energy variation with soil compaction increment
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Figure 11: Required draft and loosened profile energy relationship at different soil compaction levels
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Figure 12: pecific draft and specific energy relationship at different soil compaction levels (Std Error £1)
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Abstract

The important issue in deep tillage is the amount of energy is spent on subsoiling, in
other words how much energy is required to loosen the soil up to given depth.
Conventional methods have been based on draft force or drawbar power required to
conduct a tillage operation. Most of researchers predominantly have used specific soil
resistance and specific power to represent subsoiling efficiency and compare different
tillage tools performance. Specific draft or power can be defined as draft or power force
required loosening a cross-sectional area of soil. As the soil strength increases with depth,
loosening the same soil area at shallow depth requires considerably less effort than the
equivalent area loosened to greater depth. On this basis, comparing soil-loosening
capacity based on specific resistance and specific power can be misleading. Tillage tool
which loosen large shallow area may appear to have a greater loosening capacity and
better efficiencies than those that loosen to greater depths. Hence, loosened profile energy
theory was developed which considers both loosened area and soil strength. To
investigate the effect of soil compaction on energy requirement, 5 levels of soil bulk
density of 1100, 1200, 1300, 1400 and 15000 kg/m3 were arranged in a complete
randomised designin 3 replications. Required draft force, soil resistance and loosened soil
profile were measured during experiments. Results showed that with increasing soil bulk
density required draft force, specific draft, loosened energy, specific loosened energy
increased. In spite theoretical computation relatively high correlation (R*=0.97) was
found between draft increment and loosened profile energy and also between specific
draft and loosened profile energy. It was concluded that both specific draft and specific
loosened profile energy are proper parameters for evaluating tillage tools performance.
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